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Molecular Mobility in Amorphous Sucrose Films Monitored by Riboflavin
Phosphorescence - Potential Applications in Edible/Biodegradable Films
Yan L. Wang, Maria G. Corradini, Richard D. Ludescher.
Department of Food Science, Rutgers University, New Brunswick, NJ, USA.
The physical properties of amorphous biomolecules play a critical role in sta-
bility of food, pharmaceutical, and biotechnological products. Consequently,
they have an impact on formulation design and quality control of amorphous
products.
Molecular mobility, heterogeneity, and air permeability have been monitored
in amorphous materials using Generally Recognized as Safe (GRAS) lumines-
cent probes, i.e., tryptophan and erythrosine B. Given its GRAS status and
widespread availability, we hypothesize that riboflavin can be used as a conve-
nient and safe intrinsic luminescent probe to study the physical properties of
amorphous films. Riboflavin phosphorescence has only been reported at tem-
peratures below 77K and in solid matrices.
The objectives of this study were: 1)to investigate riboflavin phosphorescence
sensitivity towards molecular mobility in a disaccharide model system, 2)to
characterize the temperature dependence of riboflavin phosphorescence in
amorphous films.
Sucrose was used as a model system to assess riboflavin’s applicability as
a phosphorescent probe of the physical state of edible films. Steady-state
and time-resolved phosphorescence of riboflavin in amorphous sucrose
films were collected over the temperature range from 30C to 60C.
Emission spectra were fitted with a log-normal function. The performance
of a stretched exponential and a multi-exponential function were evaluated
to characterize riboflavin lifetimes. The rate constant of non-radiative
decay (kTS0), a measure of molecular mobility, was calculated from
riboflavin’s average lifetime. Measures of the distribution of energetically
distinct environments were obtained from bandwidth (G), stretching expo-
nential factor (b), and fractional amplitudes (ai) parameters. The analysis
of fitted parameters as a function of temperature revealed two temperature
regimes below Tg in sucrose films with a transition at 10C. Implications
of these findings on riboflavin’s potential applications as a luminescent
probe of physical properties of amorphous biomolecules and edible films
are discussed.3131-Pos Board B561
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The dipole interaction model (assembled into the computer package
DInaMo) uses a classical electromagnetic theory for calculating the far
UV circular dichroism (CD) of peptides and proteins. DInaMo reduces
all amide chromophores to a single point with anisotropic polarizability
and all nonchomophoric aliphatic atoms to points with isotropic polariz-
ability. By determining interactions among the chomophoric and nonchro-
moporic parts of the molecule using empirically derived polarizabilities,
the rotational and dipole strengths are determined leading to the calculation
of CD. Polarizabilities are largest for the chromophoric points and smaller
for the nonchromophoric points with hydrogens having the smallest polar-
izabilities. It is possible to collapse hydrogen polarizability onto the atom
to which it is bound or ignore it in the CD calculation creating a united
atom approach. Ignoring CH3 group hydrogens and treating only the
p-p* transition reproduces experiment in the region of 180 to 210 nm
well, showing bands with similar morphology and absorption maxima for
the p-p* transition. Recent calculations on small peptides and proteins in
which both CH3 and CH2 group hydrogens have been ignored seem to pro-
duce better CD results than ignoring only the CH3 group hydrogens. Also,
preliminary calculations using the mean polarizability values of the CH3
and CH2 groups show some good prospects of further improving the CD
calculations with the DinaMo package. In addition, initial calculations
indicate that DInaMo has the potential of including the n-p* transition in
the CD calculations.3132-Pos Board B562
Detection and Identification of Amino Acids in Ficoll Solutions with
Femtosecond Laser-Induced Breakdown Spectroscopy
Poopalasingam Sivakumar, Yury Markushin, Elton Jhamba, Zakaria MRah,
Leon A. Taleh, Angel Fernancdez, Noureddine Melikechi, Hacene Boukari.
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We report femtosecond Laser-induced Breakdown Spectroscopy (fs-LIBS)
measurements on several amino acids (Serine, Glutamine, and Cysteine) and
Albumin protein solutions mixed with ficoll at different concentrations. The
goal is to assess the effects of a host matrix on the identification and spectral
characterization of amino acids by fs-LIBS. fs-LIBS utilizes an intense short
laser pulse to obliterate a sample into basic constituents and to record the emis-
sion spectrum of atoms, ions, and molecules in the cooling down of the plasma
plume. Several spectral peaks associated primarily with elemental composition
of a sample were observed in the fs-LIBS spectra in a range from 200 to 950
nm. In addition, some molecular information associated with diatomic vibra-
tional modes in certain molecules such as C-C and C-N were also obtained.
The presence of ficoll affects the relative intensity and broadening of the C-
N band, which is a signature of the amino acids. The influence of ambient
gas on the fs-LIBS measurements was also analyzed under helium and argon
environments, and a different behavior of peaks associated with He and Ar
as a function of amino acids and ficoll mixture composition was observed.
The fs-LIBS data and their analysis compare favorably with those derived
from Fourier Transform Infrared Spectroscopy (FTIR). Interpretation of the
spectral information enclosed in the emission of the diatomic molecules during
laser ablation may lead to a better understanding of plume chemistry with a
direct consequence on chemical analysis of complex samples such as amino
acids. Altogether, the results demonstrate the potential of fs-LIBS technique
as a detection method of biomolecules and for probing interactions of these bio-
molecules with a host matrix.3133-Pos Board B563
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We have conducted fluorescence anisotropy measurements of fluorescein fluo-
rophores embedded in Ficoll solutions. Ficoll, a highly branched, hydrophilic
polysaccharide, is used as a model crowding agent for studies of the effects
of crowding on the behavior of nanoparticles. Fluorescein is a bright fluoro-
phore with well-known fluorescence spectrum. We have collected the measure-
ments with an ISS K2 frequency-domain fluorometer (470-nm excitation
wavelength and 1-100 MHz modulation frequency), and determined the fluo-
rescence lifetime, the fluorescence anisotropy, and the rotational correlation co-
efficient of the fluorescein as a function of ficoll concentration (up to 1200 mg/
ml.) As the ficoll concentration is increased, the lifetime of the fluorophores
show little change from 4.08 in water to 4.23 in 1200 mg/ml ficoll. However,
the rotational correlation coefficient measurements show significant changes.
At low ficoll concentrations no measureable interactions was observed. As
the ficoll concentration is increased, two rotational modes emerge for better
fitting of the data, which can be associated with free fluorophores and
fluorophore-ficoll interactions. Above 1000 mg/ml ficoll solutions the data
can be fit with a single rotational mode due to slowing down of the rotation
of fluorophores. We compare the results from the fluorescence anisotropy
and lifetime measurements with those from viscosity measurements and fluo-
rescence correlation spectroscopy measurements, the latter being related to
the translation diffusion.3134-Pos Board B564
Development of a Quantum-Mechanical Analysis of Stark Effects of
Porphyrins Employed as Sensors of Internal Electric Fields in Biological
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Hannah E. Wagie, Jorg C. Woehl, Peter Geissinger.
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Milwaukee, WI, USA.
Chromophores in biological systems, such as heme, are exposed to strong
electric fields that are generated by charge distributions of the biosystems
themselves. These ‘‘internal electric fields’’ may be of magnitude of several
MV/cm, and, thus, may contribute to functional properties of a system. The
622a Wednesday, February 11, 2015ability to measure such fields would help to elucidate the importance of ‘‘elec-
trostatic structure’’ to a biosystem’s function. Our approach of measuring inter-
nal electric fields relies on changes to electronic transition energies of a
chromophore when exposed to an electric field, i.e., the ‘‘Stark effect’’.
Analyzing the Stark shifts allows for extraction of magnitude and orientation
the internal electric field. Classically, the Stark shift is analyzed with a series
of terms that are linear, quadratic, etc., in the electric field, which requires
knowledge of the polarizability tensors for both ground and excited states to
extract the internal electric field. Usually the analysis is restricted to term linear
in the external electric field, which for randomly oriented chromophores leads
to a systematic error. We pose a quantum-mechanical alternative to the clas-
sical analysis based on infinite-order perturbation theory that overcomes the
neglect of non-linear terms. The challenge with the quantum-mechanical anal-
ysis then becomes that, theoretically, it may require the description of an infin-
ite number of electronic transitions to account for the Stark shift. Here, we
present a method for determining the number and identity of electronic transi-
tions that are required for quantum-mechanical Stark analysis, essentially open-
ing a practical path to using this more exact analytical option. As
demonstration, we apply this new protocol to a porphyrin sensor used to mea-
sure the internal electric field of myoglobin and show the accessibility of the
method with reasonable computational resources.
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Discussion persists as to the origin of the time dependent fluorescence spectral
(Stokes) shift (TDFSS) in the range 100 fs to more than 100 ps for a number of
tryptophan (Trp)-containing proteins. TDFSS reports on the dynamic reorgani-
zation of the local environment around the large dipole of Trp following exci-
tation to the 1La state. Much of the discussion centers on the ubiquitous ‘‘slow’’
(10 ps-5 ns) TDFSS component found only in proteins. Details of what deter-
mines the fast (<2 ps) component in proteins are also of interest. Interest
focuses on two questions: (1) what are the relative contributions of protein
and water; and (2) what length scales characterize these contributions? We
have published extensive equilibrium MDþQM simulations on the single
Trp of wild type Staph. nuclease, and four charge-changing mutants, all of
which experimentally exhibit longer-decaying TDFSS (70-150 ps) than in
other proteins, e.g., monellin and GB1 [D.P. Zhong, S.K. Pal, A.H. Zewail,
Chem. Phys,Lett. 503 (2011), p. 1-11.] In this work, we have performed non-
equilibrium, direct relaxation MDþQM molecular dynamics simulations for
the wild type Staph. nuclease to investigate the origin of these long decay times,
using both OPLS /TIP3P water and AMBER99sb-ildn/TIP4P water force fields.
Initial results suggest that while OPLS fails to capture these longer relaxation
times, AMBER99sb-ildn shows much closer agreement with experiment. We
will also report results for the four charge-changing mutants and comparisons
with other forcefields.
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Detecting Counterfeit Pharmaceuticals through UV Spectrophotometry
Gabriela Figueroa1, Luis A. Palacio2, Bruce D. Ray2, Horia I. Petrache1,
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Abstract: According to the World Health Organization between 10%-30%
of medicines, in Africa, Asia and South America, are counterfeit or sub-
standard, affecting the health of millions of people. Currently, there is no effec-
tive way to check the quality of a medicine at the point of care, leaving many
with treatable diseases at risk. The goal of this study is to identify UV-Vis
(240nm - 500nm) absorbance patterns that would indicate if a drug is sub-
standard or counterfeit. UV-Vis spectroscopy was selected as the method for
testing due to the maturity and availability of the technology. Pure Acetamin-
ophen and Tylenol were used as controls for proof of concept. Samples were
prepared by dissolving different combinations of the pure active ingredient
and adulterants such as cement, rice flour, vitamin C and lactose in three
different types of solvents (H2O, 0.1 M HCl, 0.1 NaOH). Various concentra-
tions (ranging from 0.01mg/ml to 0.04mg/ml) and mixing ratios were analyzed
using a UV-Vis Spectrophotometer. It was found that adulterants significantly
decrease the absorption of acetaminophen at 245nm by interacting with its
benzene ring, while showing a slight increase in other parts of the spectrum.UV-Vis scans show that the amount of change in absorbance at specific wave-
lengths, coupled with characteristic wavelength shifts produced by different
solvents, can be used for detection of counterfeit drugs. The methods presented
here could be used for quality control of medicines at or near the point of care in
parts of the world at higher risk of encountering defective pharmaceuticals.
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Lipid rafts are membrane microdomains enriched in cholesterol and sphingoli-
pids that regulate the activity of several membrane proteins and their associated
pathways [1]. Laurdan, a fluorescent probe exhibiting a blue shift in emission
(from 440 to 490 nm) upon decreasing membrane order, has been extensively
used to quantify and visualize membrane domains [2]. We here applied hyper-
spectral microscopy to gain better insights on the variation of Laurdan emission
spectra in relation with membrane composition. As models, we used red blood
cells (RBCs) as the simplest and most characterized cell system, and giant uni-
lamellar vesicles (GUVs) of defined compositions (dioleoylphosphatidylcho-
line (DOPC), dipalmitoylphosphatidylcholine (DPPC) and DOPC/DPPC/
Cholesterol 1:1:1).
In preliminary studies, we validated an hyperspectral microscope prototype for
Laurdan imaging on GUVs and RBCs by comparison with spectrofluorimetry
and biphoton confocal microscopy for which reports are available [3]. This mi-
croscope yielded better spectral resolution (steps of 1 nm) as compared to
confocal microscopy (steps of 10 nm). This improved spectral resolution de-
tected, besides well-known peaks at 440 and 490 nm, new peaks in the Laurdan
spectra of GUV (made of DOPC/DPPC/Cholesterol 1:1:1) and RBC mem-
branes around 470 nm (and 540 nm). The biological significance of these
new peaks needs to be identified and will be discuss according to experiments
performed on GUV displaying different order and composition properties (gel
(DOPC), liquid-disordered (DPPC) and liquid-ordered (DOPC/DPPC/Choles-
terol 1:1:1) phases).
To conclude, hyperspectral microscopy opens new perspectives for the use of
environment-sensitive fluorescence probes, thus new possibilities of under-
standing membrane domains behavior.
[1] Hryniewicz-Jankowska A et al. Biochim Biophys Acta, 2014, 1845:155-65.
[2] Gaus K et al. Mol Membr Biol., 2006, 23:41-8.
[3] Stott BM et al. J Lipid Res. 2008, 49:1202-15.
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Inositol phospholipids account for only a small percentage of total lipids in cell
membranes. But they play crucial roles in diverse cellular processes such as
signal transduction, cytoskeleton organization, membrane trafficking and
membrane permeability and transport. While some of the functions involve
regulated hydrolysis to generate second messengers, others are thought to
involve direct interactions with proteins. The repertoire of phosphoinositide-
binding proteins has been dramatically expanded in recent years. These include
many ion channels, from the first identified prototype inward rectifier potas-
sium channel (Kir) to the more recent transient receptor potential channels.
However, in most cases the roles of the lipids are implicated from pharmaco-
logical maneuvering of signaling pathways. A direct observation of the inter-
action between lipids and proteins has rarely been possible. The recognition
sites on the proteins are often interfered by structural-functional studies using
site-directed mutagenesis. Owing to the complexity of gating mechanisms, the
molecule sites identified in this manner have been less reliable. In this work we
present a FRET approach for direct detection of interactions between phosphoi-
nositide lipids and ion channel proteins. Using an inward rectifier potassium
channel and a transient receptor potential channel as prototype models, we
show the feasibility to generate recombinant proteins incorporating genetic do-
nors. We use fluorescent lipids as acceptors and show that the energy transfer
is limited to only peripheral lipids around channel proteins. Our experiments
demonstrate that the assay has a resolution to probe specifically bound lipid
molecules.
